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SPECIFICATION 



FUEL INJECTION PUMP 
CROSS REFERENCE TO RELATED APPLICATION 
This application is based upon and claims the benefit 
of priority of Japanese Patent Application No. 2000-40959 
filed on February 18, 2000, thecontentof whichis incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to a fuel injection pump 
for an internal combustion engine ( hereinafter called engine ) , 
in particular , a construction of the pump with no hammer noises 
and less frictional wear. 

2. Description of Related Art: 

In a conventional fuel injection pump, a driving force 
is transmitted to a camshaft via a belt or a gear from an 
engine crankshaft. A cam attached to the camshaft drives 
a movable member so that the movable member makes a 
reciprocating movement. Accordingly, the fuel injection 
pump pressurizes and delivers fuel sucked in a fuel pressure 
chamber - 

When the camshaft is rotating, the camshaft often moves 
in an axial direction thereof so that the cam is likely to 
hit a surface of a housing and make hammer noises. To cope 
with the hammer noises , it is preferable that the fuel in j ection 
pump is provided with biasing means for urging the camshaft 
in one axial direction thereof to prevent the camshaft from 



1 



moving to and fro in an axial direction. 

In a small engine whose driving force is relatively 
small, the belt has been used to transmit the driving force 
to the camshaft. In a large engine whose driving force is 
relatively large, the gear has been generally used to transmit 
the driving force to the camshaft from the engine crankshaft. 
In a case that the gear is used for transmitting the driving 
force, a helical gear is preferable since the helical gear 
acts as the biasing means for urging the camshaft in the one 
axial direction thereof. Further, the helical gear serves 
to minimize a backrush in mesh so that, when the cam drives 
the movable member, the driving force transmitted to the cam 
is relatively even. 

In this case, while the camshaft is urged in the one 
axial direction thereof, a stopper surface, which comes in 
contact with the cam, is provided inthehousing for restricting 
an axial movement of the camshaft. Accordingly, the cam 
slides the stopper surface according to a rotation of the 
camshaft. Face pressure at the respective portions where 
the cam and the stopper surface are in slidable contact with 
each other differ depending on a radial distance from an axis 
of the camshaft and, in particular, face pressure at a lower 
cam rise portion becomes higher- Further, a region of the 
stopper surface in slidable contact with the cam varies 
according to the rotation of the camshaft due to hill and 
dale profile of the cam. Therefore, frictional wear of both 
of the cam and the stopper surface are likely to be accelerated 
so that endurances of the cam and the stopper surface become 



shorter - 

Further, even if the camshaft is biased in the one axial 
direction and the cam is in slidable contact with the stopper 
surface, the camshaft is sometimes moved to the other axial 
5 direction due to reaction. To limit a backward movement of 
the camshaft, it is preferable that a clearance between the 
cam and the housing on an opposite side to the stopper surface 
is as small as possible. However, it is rather difficult 
to adjust adequately the clearance between the cam and the 
10 housing. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide a fuel 
injection pump having a construction that is unlikely to cause 
15 hammer noises and frictional wear. 

It is another object to provide a fuel injection pump 
in which an adjustment for restricting an axial movement of 
the camshaft is easy. 

To achieve the above objects, the fuel injection pump 
20 has a disk shaped member provided at any one of axially 
extending positions of a camshaft other than a cam in the 
same axis to a portion of the camshaft which is held by a 
bearing. The disk shaped member is biased in the one axial 
direction of the camshaft by biasing means against and in 
25 slidable contact with a stopper surface so that the axial 
movement of the camshaft is restricted. Accordingly, the 
cam does not contact the stopper. 

It is preferable that an outer diameter of the disk 
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shaped member is larger than that of the cam. With this 
construction, an area where the disk shaped member and the 
stopper are in slidable contact with each other becomes larger , 
compared with an area where the cam and the stopper surface 
5 are in slidable contact with each other. Accordingly, face 
pressure on portions of the disk shaped member and the stopper 
surface in contact with each other becomes lower. Further, 
as the disk shaped member is arranged in the same axis to 
the camshaft, contacting regions of the disk shaped member 
10 and the stopper are always same. Accordingly, frictional 
wear of the disk shaped member and the stopper surface are 
limited and lifetimes thereof are prolonged. 

It is preferable that a helical gear coaxially rotatable 
with the camshaft receives a driving force for driving the 
15 camshaft. The helical gear serves to limit a backrush 
generated when the cam drives a moving member so that the 
driving force applied to the moving member becomes even. 
Further, the helical gear acts as the biasing means for biasing 
the camshaft in the one axial direction thereof . As a result , 
2 0 it is not necessary to employ separately the biasing means 
such as a spring. 

When an axial distance of a space where the disk shaped 
member is housed is too narrow, the disk shaped member is 
held by walls on opposite sides of the space and frictional 
25 wear is accelerated. On the other hand, when the axial 
distance of the space is too large, the camshaft often moves 
in an opposite direction to the axial biasing direction so 
that hammer noises are likely to occur. Therefore, 
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pref ererably , the disk shaped member is housed in advance 
in a space provided axially between f irst.and-second connecting 
members which are separate bodies from the housing . The axial 
distance of the space is easily adjusted before the camshaft 
5 is assembled to the housing, for example, by screwing the 
second connecting member into the first connecting member. 

BRIEF DESCRIPTION OF THE DRAWING 
Other features and advantages of the present invention 
10 will be appreciated, as well as methods of operation and the 
function of the related parts, from a study of the following 
detailed description, the appended claims , and the drawings , 
all of which form a part of this application . In the drawings : 
Fig . 1 is a cross sectional view showing a fuel injection 
15 pump according to a first embodiment of the present invention; 

Fig. 2 is a cross sectional view taken along a line 
n-n of Fig. 1; and 

Fig. 3 is across sectional view showing a fuel injection 
pump according to a second embodiment of the present 
20 invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(First embodiment) 

A fuel injection pump for a diesel engine according 
2 5 to a first embodiment of the present invention is described 
with reference to Figs . 1 and 2 . 

As shown in Fig. 1, a pump housing of the fuel injection 
pump 10 is composed of an aluminum housing body 11 and a pair 
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of iron cylinder heads 12 and 13 . Each of the cylinder heads 
12 and 13 has a bore in which a plunger 3 0 as a moving member 
is slidably and reciprocatingly held . A fuel pressure chamber 
50 is formed in each of the bores of the cylinder heads 12 
and 13 between an end of the plunger 3 0 and an end of a return 
valve 35 having a return valve element 36. 

A bearing cover 14 is fixed to the housing body by bolts 
29 . A journal bearing 15 for holding a camshaft 20 is rigidly 
fitted into a center bore of the bearing cover 14. 

The camshaft 20 is rotatably held by the housing body 
11 and by the bearing cover 15 via the journal bearing 15. 
An oil seal 16 seals a clearance between the central bore 
of the bearing cover 14 and the camshaft 20. 

As shown in Fig. 2, the camshaft is integrally provided 
with a cam 21 whose cross section is formed in circular shape. 
An axis of the cam 21 is off set from an axis of the camshaft 
20. The plunger 3 0 in the cylinder head 12 and the plunger 
3 0 in the cylinder head 3 0 are arranged on radially opposite 
sides of the camshaft 20 with 180 0 angular intervals. A square 
shaped shoe 18 has a flat surface, which faces the plunger 
20 and contacts a flat surface end of a plunger head 30a. 
The shoe 18 has a center bore into which the cam 21 is inserted 
via a bush 19 that is slidable between the shoe 18 and the 
cam 21. 

As shown in Fig. 1, a disk shaped member 22 is formed 
integrally with the camshaft 2 0 at a place of the camshaft 
2 0 extending forward from and adjacent to the cam 21 to a 
direction in which a helical gear 23 urges the camshaft 20. 



The disk shaped member 22 and a bearing portion 22a of the 
camshaft 20, which is held by the journal bearing 15, are 
coaxially formed . An outer diameter of the disk shaped member 
22 is larger that that of the cam 21. A washer 2 5 is arranged 
between the disk shaped member 22 and the bearing cover 14. 
A surface of the bearing cover 14 on a side of the disk shaped 
member 22 comes in s lidable contact with the disk shaped member 
22 via the washer 25 and constitutes a stopper surface. A 
washer 26 is arranged between the housing 11 and the cam 21 
on an opposite side to the disk shaped member 22 . The washers 
25 and 26 are made of low frictional material having high 
hardness . 

The helical gear 23 is attached to a leading end of 
the camshaft 2 0 and rotated along with the camshaft 20. The 
helical gear 23 is driven by a series of gears (not shown) 
to receive a driving force from an engine crankshaft. The 
helical gear 23 rotates in a direction shown by an arrow A 
of Fig. 1. As the helical gear 23 receives the driving force 
in the arrow A direction, the camshaft is urged in a direction 
shown by an arrow B of Fig. 1. 

The plunger 30 is driven reciprocatingly via the shoe 
18 by the cam 21 according to the rotation of the camshaft 
20 so that fuel sucked into the fuel pressure chamber via 
the return valve 3 5 from a fuel intake conduit 5 1 is pressurized 
The return valve 3 5 serves to prevent a reverse flow of fuel 
from the fuel pressure chamber 50 to the fuel intake conduit 
51. 

A spring 31 biases the plunger 30 toward the shoe 18. 



As the respective surfaces of the shoe 18 and the plunger 
3 0 which come in contact with each other are formed in flat 
shape, face pressure of the shoe 18 and the plunger 30 in 
contact with each other is small . While the cam 21 rotates 
about the axis of the camshaft 20, the shoe 18 slidably 
revolves around the cam 21 without rotation. 

Connecting members 41 and 42 for providing fuel conduits 
are connected to the cylinder heads 12 and 13 , respectively . 
A fuel discharge conduit 5 2 is formed in each of the connecting 
members 41 and 42 and in each of the cylinder heads 12 and 
13. A return valve 37 having a return valve element 38 is 
arranged in the fuel discharge conduit 5 2 . The return valve 
3 7 serves to prevent fuel from flowing in reverse from the 
fuel discharge conduit 62 to the fuel pressure chamber 50. 
Fuel pressurized in the fuel pressure chamber 50 is supplied 
from each of the connecting members 41 and 4 2 via a fuel 
conduit (not shown) to a common rail (not shown). 

Next, an operation of the fuel injection pump 10 is 
described. 

When the camshaft 20 rotates, the cam 21 rotates and 
the shoe 18 revolves around the cam 21. According to the 
revolution of the shoe 18, the plunger 30 moves 
reciprocatingly, while the respective flat surfaces of the 
shoe 18 and plunger 3 0 are in slidable contact with each 
other. 

When the plunger 3 0 moves downward from an upper dead 
point thereof according to the revolution of the shoe 18, 
fuel, which is delivered by a feed pump 60 and whose amount 



is adjusted by an adjusting valve (not shown), is sucked 
from the fuel intake conduit 51 via the return valve 35 
to the fuel pressure chamber 50. When the plunger 3 0 moves 
upward toward the upper dead point after having reached 
a lower dead point thereof, the return valve 35 is closed 
and fuel pressure in the fuel pressure chamber 50 increases . 
When fuel pressure in the fuel pressure chamber exceeds 
fuel pressure on a downstream side of the return valve 37, 
the return valve 37 is opened in return. Fuel, which is 
supplied from each of the connecting members 41 and 4 2 via 
the fuel conduit to the common rail, is accumulated in the 
common rail so that fuel pressure therein is kept at a 
predetermined value. Then, high pressure fuel is supplied 
from the common rail to respective injectors {not shown). 

The helical gear 23 receives driving force in a direction 
shown by the arrow A from the engine crankshaft so that 
the camshaft 20 is biased in a direction shown by the arrow 
B. Since the disk shaped member 22, whose diameter is larger 
than that of the cam 21, is biased, while rotating, via 
the washer 25 against the surface of the bearing cover 14, 
an area where the disk shaped member 22 and the washer 25 
come in slidable contact with each other is larger, compared 
with an area where the cam 21 and the washer 25 comes in 
direct and slidable contact with each other . Further , since 
the disk shaped member 22 is formed in the same axis to 
the bearing portion 20a of the camshaft 20 that are held 
by the journal bearing 15, a circumferential periphery of 
the disk shaped member 22 is always in slidable contact 



with the washer 25. Accordingly, frictional wear of the 
disk shaped member 22 due to the sliding movement is limited. 

Instead of or in addition to arranging the disk shaped 
member 22 at the portion of the camshaft 20 extending forward 
from the cam 21 to the direction in which the camshaft 20 
receives the biasing force through the helical gear 23, 
the disk shaped member 22 may be arranged at a portion of 
the camshaft extending backward from the cam 21 to the 
direction in which the camshaft 2 0 receives the biasing 
force. 

(Second embodiment) 

A fuel injection pump according to a second embodiment 
is described with reference to Fig. 3. Construction and 
feature same as those of the first embodiment have same 
reference numbers . 

A bearing cover 80, which is a first connecting member , 
is fastened to the housing body 11 by bolts 29. A screw 
81, which is a second connecting member, is screwed into 
the bearing cover 80 . The screw 81 is provided inside with 
a journal bearing 82 by which the camshaft is rotatably 
held. A disk shaped member 71, which is formed integrally 
with the camshaft 7 0, is located at a portion of the camshaft 
70 extending forward away from the cam 21 to a direction 
in which the camshaft 7 0 receives a driving force through 
the helical gear 23. The disk shaped member 71 is housed 
in a space 100 of the bearing cover 80 that is provided 
between the bearing cover 80 and the screw 81. The disk 
shaped member 71 is put between washers 83 and 84 in the 
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space 100 of the bearing cover 80 . The washer 83 is arranged 
on a side of the screw 81 and the washer 84 is arranged 
on a side of the bearing cover 80. The disk shaped member 
71 is biased via the washer 83 against an end surface of 
the screw 8 1 by a bias ing force that the helical gear receives . 
The end surface of the screw 81 and the washer 83 constitute 
a stopper surface. 

As the bearing cover 80 and the screw 81 are formed 
separately from the housing body 1 1A, respectively, an axial 
length of the space 100, in which the disk shaped member 
is housed, is easily adjusted to an optimum value before 
the cylinder heads 12 and 13 are assembled to the housing 
body 11. Accordingly, even if the camshaft 7 0 moves in an 
opposite direction to a direction in which the helical gear 
23 urges the camshaft 70 due to a reaction of the driving 
force from the crankshaft, there occur less hammer noises. 
Further, as the disk shaped member 71 generally slides only 
the washer 83 and does not slide the washer 84, frictional 
wear of the disk shaped member 71 is reduced. 

The axial length of the space 100 is easily adjusted 
to prevent the hammer noises after the disk shaped member 
22 is housed in the space 100, even in a fuel injection 
pump in which the camshaft is biased in a direction opposite 
to the direction mentioned in the second embodiment. In 
this case, a surface of the bearing cover 80 on a side of 
the washer 84 and the washer 84 constitute the stopper 
surface. 

According to the embodiments mentioned above, the disk 
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shaped member provided in the camshaft, not the cam 21, 
is biased against the stopper surface by the axial biasing 
force transmitted via the helical gear 23 . As the area where 
the disk shaped member comes in slidable contact with the 
stopper surface is larger than the area where the cam 21 
comes in slidable contact with the stopper surface, face 
pressure of the disk shaped member and the stopper surface 
in contact becomes smaller. Further, as the disk shaped 
member is arranged in the same axis to the bearing portion 
20a of the camshaft 20, regions of the disk shaped member 
and the washer in sliding contact with each other are always 
same so that frictional wear of the disk shaped member is 
limited and longer life time thereof is ensured. 

instead of the helical gear for transmitting the driving 
force to the camshaft, a belt may be used for transmitting 
the driving force to the camshaft. In this case, it becomes 
necessary to employ biasing means, for example, a spring 
for biasing the camshaft in one axial direction thereof. 



